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ABSTRACT
The action for 2d dilatonic supergravity with dilaton coupled matter and
dilaton multiplets is constructed. Trace anomaly and anomaly induced ef-
fective action (in components as well as in supersymmetric form) for matter
supermultiplet on bosonic background are found. The one-loop effective ac-
tion and large-N effective action for quantum dilatonic supergravity are also
calculated. Using induced effective action one can estimate the back-reaction
of dilaton coupled matter to the classical black hole solutions of dilatonic su-
pergravity. That is done on the example of supersymmetric CGHS model
with dilaton coupled quantum matter where Hawking radiation which turns
out to be zero is calculated. Similar 2d analysis maybe used to study spher-
ically symmetric collapse for other models of 4d supergravity.
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1 Introduction
There are various motivations to study 2d gravitational theories and their
black hole solutions (see [1, 2, 3, 4, 5] and references therein). First of all, it is
often easier to study 2d models at least as useful laboratories. Second, start-
ing from 4d Einstein-Maxwell-scalar theory and applying spherically sym-
metric reduction anzats [6], one is left with specific dilatonic gravity with
dilaton coupled matter. Hence, in such case 2d gravity with dilaton cou-
pled matter may describe the radial modes of the extremal dilatonic black
holes in four dimensions [7]. Similarly, dilaton coupled matter action ap-
pears in string inspired models. Recently, dilaton dependent trace anomaly
and induced effective action for dilaton coupled scalars have been studied in
refs.[8, 9, 10]. That opens new possibilities in the study of black holes with
back-reaction of quantum matter [9].
It could be extremely interesting to present supersymmetric generaliza-
tion of the results [8, 9, 10]. Above motivations are still valid in this case.
Indeed, let us consider the spherical reduction of N = 1, d = 4 supergravity
theory to d = 2 theory. In order to realize the spherical reduction, we assume
that the metric has the following form:
ds2 =
∑
µν=0,1,2,3
gµνdx
µdxν
=
∑
m,n=t,r
gmn(t, r)dx
mdxn + e2φ(t,r)(dθ2 + sin2 θdϕ2) . (1)
The metric (1) can be realized by choosing the vierbein fields eaµ as follows
e0θ,ϕ = e
3
θ,ϕ = e
1
t,r = e
2
t,r = 0 ,
e1θ = e
φ , e2ϕ = sin θe
φ , e1ϕ = e
2
θ = 0 . (2)
The expression (2) is unique up to local Lorentz transformation. The local
supersymmetry transformation for the vierbein field with the papameter ζ
and ζ¯ is given by,
δeaµ = i
(
ψµσ
aζ¯ − ζσaψ¯µ
)
. (3)
Here ψµ is Rarita-Schwinger field (gravitino) and we follow the standard
notations of ref.[11](see also [12]. If we require that the metric has the form
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of (1) after the local supersymmetry transformation, i.e.,
δgtθ = δgrθ = δgtϕ = δgrϕ = δgθϕ = 0 ,
δgϕϕ = sin θδgθθ , (4)
we obtain, up to local Lorentz transformation,
ζ1 = ζ¯
1 , ζ2 = ζ¯
2 , (5)
ψϕ1 = sin θψθ1 , ψ¯
1
ϕ = sin θψ¯
1
θ ,
ψϕ2 = − sin θψθ2 , ψ¯2ϕ = − sin θψ¯2θ ,
ψ¯1θ = −ψθ1 , ψ¯2θ = −ψθ2 ,
ψr1 − ψ¯1r = −2e−φe3rψθ2 , ψt1 − ψ¯1t = −2e−φe3tψθ2 ,
ψr2 − ψ¯2r = −2e−φe0rψθ1 , ψt2 − ψ¯2t = −2e−φe0rψθ1 . (6)
Eq.(5) tells that the local supersymmetry of the spherically reduced theory
is N = 1, which should be compared with the torus compactified case, where
the supersymmetry becomes N = 2. Let the independent degrees of freedom
of the Rarita-Schwinger fields be
2ψ1r ≡ ψr1 + ψ¯1r , 2ψ2r ≡ ψr2 + ψ¯2r ,
2ψ1t ≡ ψt1 + ψ¯1t , 2ψ2t ≡ ψt2 + ψ¯2t , (7)
χ1 ≡ ψθ1 , χ2 ≡ ψθ2 , (8)
then we can regard ψt,r and χ to be the gravitino and the dilatino in the
spherically reduced theory.
If we coupled the massless matter multiplet, the action of the spherically
reduced theory is given by
S = −1
4
∫
d4xdθE
(
D¯D¯ − 8R
)
Φ†iΦi
∼ 4π
∫
drdt
√
ge2φ
(
−∂µAi∂µAi − i
2
[χiσ
µDµχ¯i + χ¯iσ¯µDµχi]
+ · · ·
)
. (9)
Here · · · denotes the terms containing the Rarita-Schwinger fields and di-
latino. Note that in the spherically reduced theory, the dilaton filed φ cou-
ples with the matter fields. Therefore if we like to investigate 2d dilaton
3
supergravity as the spherically reduced theory, we need to couple the dilaton
field to the matter multiplet.
The present work is organised as following. Next section is devoted to
the construction of the Lagrangian for 2d dilatonic supergravity with dila-
ton coupled matter and dilaton supermultiplets. Dilaton dependent trace
anomaly and induced effective action (as well as large-N effective action for
quantum dilatonic supergravity) for matter multiplet are found in section
3. Black holes solutions and their properties are discussed for some specific
models in section 4. Some conclusions are presented in final section.
2 The action of 2d dilatonic supergravity
with matter
In the present section we are going to construct the action of 2d dilatonic
supergravity with dilaton supermultiplet and with matter supermultiplet.
The final result is given in superfields as well as in components.
In order to construct the Lagrangian of two-dimensional dilatonic super-
gravity, we use the component formulation of ref.[13]. The conventions and
notations are given as following:
• signature
ηab = δab =
(
1 0
0 1
)
(10)
• gamma matrices
γaγb = δab + iǫabγ5 ,
σab ≡ 1
4
[γa, γb] =
i
2
ǫabγ5 . (11)
• charge conjugation matrix C
CγaC
−1 = −γTa ,
C = C−1 = −CT ,
ψ¯ = −ψTC . (12)
Here the index T means transverse.
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• Majorana spinor
ψ = ψc ≡ Cψ¯T . (13)
• Levi-Civita tensor
ǫ12 = ǫ12 = 1 , ǫ
ab = −ǫba , ǫab = −ǫba ,
ǫµν = e eµae
ν
b ǫab ǫµν = e
−1 eaµe
b
νǫ
ab . (14)
In this paper, all the scalar fields are real and all the spinor fields are Majo-
rana spinors.
We introduce dilaton multiplet Φ = (φ, χ, F ) and matter multiplet
Σi = (ai, χi, Gi), which has the conformal weight λ = 0, and the curvature
multiplet W 3
W =
(
S, η,−S2 − 1
2
R− 1
2
ψ¯µγνψµν +
1
4
ψ¯µψµ
)
. (15)
Here R is the scalar curvature and
η = −1
2
Sγµψµ +
i
2
e−1ǫµνγ5ψµν , (16)
ψµν = Dµψν −Dνψµ ,
Dµψν =
(
∂µ − 1
2
ωµγ5
)
ψν ,
ωµ = −ie−1eaµǫλν∂λeaν −
1
2
ψ¯µγ5γ
λψλ . (17)
The curvature multiplet has the conformal weight λ = 1.
Then the general action of 2d dilatonic supergravity is given in terms of
general functions of the dilaton C(φ), Z(φ), f(φ) and V (φ)4 as follows
L = − [C(Φ)⊗W ]inv
3The definition of the scalar curvature R is different from that of Ref.[13] RHUY by
sign
R = −RHUY .
4The multiplet containing C(φ), for example, is given by (C(φ), C′(φ)χ,C′(φ)F −
1
2
C′′(φ)χ¯χ).
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+
1
2
[Φ⊗ Φ⊗ TP (Z(Φ))]inv − [Z(Φ)⊗ Φ⊗ TP (Φ)]inv
+
N∑
i=1
{
1
2
[Σi ⊗ Σi ⊗ TP (f(Φ))]inv − [f(Φ)⊗ Σi ⊗ TP (Σi)]inv
}
+ [V (Φ)]inv ,
[C(Φ)⊗W ]inv
= e
[
C(φ)
(
−S2 − 1
2
R− 1
2
ψ¯µγνψµν
)
+ C ′(φ)(FS − χ¯η)
−1
2
C ′′(φ)χ¯χS +
1
2
ψ¯µγ
µ(ηC(φ) + χSC ′(φ)) +
1
2
C(φ)Sψ¯µσ
µνψν
]
,
[Φ⊗ Φ⊗ TP (Z(Φ))]inv
= e
[(
Z ′(φ)F − 1
2
Z ′′(φ)χ¯χ
)
(2φF − χ¯χ) + φ2✷(Z(φ))− 2φχ¯D/ (Z ′(φ)χ)
+
1
2
ψ¯µγ
µ
{
2χ
(
Z ′(φ)F − 1
2
Z ′′(φ)χ¯χ
)
φ+D/ (Z ′(φ)χ)φ2
}
+
1
2
(
Z ′(φ)F − 1
2
Z ′′(φ)χ¯χ
)
φ2ψ¯µσ
µνψν
]
,
[Z(Φ)⊗ Φ⊗ TP (Φ)]inv
= e
[
Z ′(φ)(F 2φ− χ¯χF − φχ¯D/ χ)
−1
2
Z ′′(φ)χ¯χφF + Z(φ)(φ✷φ− χ¯D/ χ + F 2)
+
1
2
ψ¯µγ
µ{D/ χZ(φ)φ+ χ(Z(φ) + Z ′(φ)φ)F}+ 1
2
Z(φ)φF ψ¯µσ
µνψν
]
,
[f(Φ)⊗ Σi ⊗ TP (Σi)]inv
= e
[
f ′(φ)(FaiGi − χ¯ξiGi − aiχ¯D/ ξi)
−1
2
f ′′(φ)χ¯χaiGi + f(φ)(ai✷ai − ξ¯iD/ ξi +G2i )
+
1
2
ψ¯µγ
µ{D/ ξif(φ)ai + (ξif(φ) + χf ′(φ)ai)Gi}+ 1
2
Z(φ)aiGiψ¯µσ
µνψν
]
,
[Σi ⊗ Σi ⊗ TP (f(Φ))]inv
= e
[(
f ′(φ)F − 1
2
f ′′(φ)χ¯χ
)
(2aiGi − ξ¯iξi) + a2i✷(f(φ))− 2aiξ¯iD/ (f ′(φ)χ)
+
1
2
ψ¯µγ
µ
{
2ξi(f
′(φ)F − 1
2
f ′′(φ)χ¯χ)i+D/ (f ′(φ)χ)a2i
}
6
+
1
2
(
f ′(φ)F − 1
2
f ′′(φ)χ¯χ
)
a2i ψ¯µσ
µνψν
]
,
[V (Φ)]inv
= e
[
V ′(φ)F − 1
2
V ′′(φ)χ¯χ +
1
2
ψ¯µγ
µχV ′(φ)
+
(
1
2
ψ¯µσ
µνψν + S
)
V (φ)
]
. (18)
The covariant derivatives for the multiplet Z = (ϕ, ζ,H) with λ = 0 are
defined as
Dµϕ = ∂µϕ− 1
2
ψ¯µζ ,
Dµζ =
(
∂µ +
1
2
ωµγ5
)
ζ − 1
2
Dνϕγ
νψµ − 1
2
Hψµ , (19)
✷ϕ = e−1
{
∂ν(eg
µνDµϕ) +
i
4
ζ¯γ5ψµνǫ
µν − 1
2
ψ¯µDµζ − 1
2
ψ¯µγνψνDµϕ
}
.
TP (Z) is called the kinetic multiplet for the multiplet Z = (ϕ, ζ,H) and when
the multiplet Z has the comformal weight λ = 0, TP (Z) has the following
form
TP (Z) = (H,D/ ζ,✷ϕ) . (20)
The kinetic multiplet TP (Z) has conformal weight λ = 1. The product of
two multiplets Zk = (ϕk, ζk, Hk) (k = 1, 2) with the conformal weight λk is
defined by
Z1 ⊗ Z2 = (ϕ1ϕ2, ϕ1ζ2 + ϕ2ζ1, ϕ1H2 + ϕ2H1 − ζ¯1ζ2) . (21)
The invariant Lagrangian [Z]inv for multiplet Z is defined by
[Z]inv = e
[
F +
1
2
ψ¯µγ
µζ +
1
2
ϕψ¯µσ
µνψν + Sϕ
]
. (22)
In superconformal gauge
eaµ = e
ρδaµ (e = e
ρ) , ψµ = γµψ (ψ¯µ = −ψ¯γµ) , (23)
we find
ωµ = −iǫλµ∂λρ ,
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eR = −2∂µ∂µρ ,
ǫµνψµν = −2ieγ5γµ
(
∂µ − 1
2
∂µρ
)
ψ ,
η = −Sψ + γµ
(
∂µ − 1
2
∂µρ
)
ψ ,
ψ¯µγνψµν = −2ψ¯
(
∂µ − 1
2
∂µρ
)
ψ ,
ψ¯µσ
µνψν = −ψ¯ψ . (24)
Hence, we constructed the classical action for 2d dilatonic supergravity
with dilaton and matter supermultiplets.
3 Effective action in large-N approach on
bosonic background
Our purpose in this section will be the study of trace anomaly and effective
action in large-N approximation for the 2d dilatonic supergravity discussed
in previous section. We consider only bosonic background below as it will be
sufficient for our purposes (study of black hole type solutions).
On the bosonic background where dilatino χ and the Rarita-Schwinger
fields vanish, one can show that the gravity and dilaton part of the Lagrangian
have the following form:
[C(Φ)⊗W ]inv
= e
[
−C(φ)
(
S2 +
1
2
R
)
− C ′(φ)FS
]
,
[Φ⊗ Φ⊗ TP (Z(Φ))]inv
= e
[
φ2✷˜(Z(φ)) + 2Z ′(φ)φF 2
]
,
[Z(Φ)⊗ Φ⊗ TP (Φ)]inv
= e
[
Z(φ)φ✷˜φ+ Z ′(φ)φF 2 + Z(φ)F 2
]
,
[V (Φ)]inv
= e [V ′(φ)F + SV (φ)] . (25)
For matter part we obtain
[f(Φ)⊗ Σi ⊗ TP (Σi)]inv
8
= e
[
f(φ)(ai✷˜ai − ξ¯iD˜/ ξi) + f ′(φ)FaiGi + f(φ)G2i
]
,
[Σi ⊗ Σi ⊗ TP (f(Φ))]inv
= e
[
a2i ✷˜(f(φ)) + 2f
′(φ)FaiGi
]
. (26)
Here the covariant derivatives for the multiplet (ϕ, ζ,H) with λ = 0 are
reduced to
D˜µϕ = ∂µϕ ,
D˜µζ =
(
∂µ +
1
2
ωµγ5
)
ζ ,
✷˜ϕ = e−1∂ν(eg
µν∂µϕ) . (27)
Using equations of motion with respect to the auxilliary fields S, F , Gi, on
the bosonic background one can show that
S =
C ′(φ)V ′(φ)− 2V (φ)Z(φ)
C ′2(φ) + 4C(φ)Z(φ)
,
F =
C ′(φ)V (φ) + 2C(φ)V ′(φ)
C ′2(φ) + 4C(φ)Z(φ)
,
Gi = 0 . (28)
We will be interested in the supersymmetric extension [14] of the CGHS
model [1] as in specifical example for study of black holes and Hawking
radiation. For such a model
C(φ) = 2e−2φ , Z(φ) = 4e−2φ , V (φ) = 4e−2φ , (29)
we find
S = 0 , F = −λ , Gi = 0 . (30)
Using (26), we can show that
N∑
i=1
{
1
2
[Σi ⊗ Σi ⊗ TP (f(Φ))]inv − [f(Φ)⊗ Σi ⊗ TP (Σi)]inv
}
= ef(φ)
N∑
i=1
(gµν∂µai∂νai + ξ¯iγ
µ∂µξi − f(φ)G2i )
+ total divergence terms . (31)
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Here we have used the fact that
ξ¯iγ5ξ = 0 (32)
for the Majorana spinor ξi.
Let us start now the investigation of effective action in above theory. It
is clearly seen that theory (31) is conformally invaiant on the gravitational
background under discussion. Then using standard methods, we can prove
that theory with matter multiplet Σi is superconformally invariant theory.
First of all, one can find trace anomaly T for the theory (31) on gravitational
background using the following relation
Γdiv =
1
n− 2
∫
d2x
√
gb2 , T = b2 (33)
where b2 is b2 coefficient of Schwinger-De Witt expansion and Γdiv is one-
loop effective action. The calculation of Γdiv (33) for quantum theory with
Lagrangian (31) has been done some time ago in ref.[8]. Using results of this
work, we find
T =
1
24π
{
3
2
NR− 3N
(
f ′′
f
− f
′2
2f 2
)
(∇λφ)(∇λφ)
−3N f
′
f
∆φ
}
(34)
It is remarkable that Majorana spinors do not give the contribution to the
dilaton dependent terms in trace anomaly as it was shown in [8]. They
only alter the coefficient of curvature term in T (34). Hence, except the
coefficient of curvature term in T (34), the trace anomaly (34) coincides with
the correspondent expression for dilaton coupled scalar [9]. Note also that
for particular case f(φ) = e−2φ the trace anomaly for dilaton coupled scalar
has been recently calculated in refs.[10].
Making now the conformal transformation of the metric gµν → e2σgµν in
the trace anomaly, and using relation:
T =
1√
g
δ
δσ
W [σ] (35)
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one can find anomaly induced action W [σ]. In the covariant, non-local form
it may be found as following:
W = −1
2
∫
d2x
√
g
[ N
32π
R
1
∆
R − N
16π
f ′2
f 2
∇λφ∇λφ 1
∆
R − N
8π
ln fR
]
. (36)
Hence, we got the anomaly induced effective action for dilaton coupled matter
multiplet in the external dilaton-gravitational background. We should note
that the same action W (36) gives the one-loop large-N effective action in
the quantum theory of supergravity with matter (18) (i.e., when all fields are
quantized).
We can now rewrite W in a supersymmetric way. In order to write down
the effective action expressing the trace anomaly, we need the supersymmetric
extention of 1
∆
R. The extension is given by using the inverse kinetic multiplet
in [15], or equivalently by introducing two auxiliary field Θ = (t, θ, T ) and
Υ = (u, υ, U). We can now construct the following action
[Θ⊗ (TP (Υ)−W )]inv . (37)
The Θ-equation of motion tells that, in the superconformal gauge (23)
u ∼ ρ ∼ − 1
2∆
R , υ ∼ ψ . (38)
Then we find
√
gR
1
∆
R ∼ 4 [W ⊗Υ]inv
√
g
f ′2(φ)
f 2(φ)
∇λφ∇λφ 1
∆
R
∼ −
[
Φ⊗ Φ⊗ TP
(
f ′2(Φ)
f 2(Φ)
⊗Υ
)]
inv
+2
[
f ′2(Φ)
f 2(Φ)
⊗Υ⊗ Φ⊗ TP (Φ)
]
inv
,
√
g ln f(φ)R ∼ 2 [ln f(Φ)⊗W ]inv . (39)
In components,
[Θ⊗ (TP (Υ)−W )]inv
11
= e
[
t
(
✷u+
1
2
R +
1
2
ψ¯µγνψµν − Sψ¯µψµ
)
+ T (U − S)− θ¯(D/ υ − η)
+
1
2
ψ¯µγ
µ{(D/ υ − η)t+ θ(U − S)}+ 1
2
t(U − S)ψ¯µσµνψν
]
, (40)
4 [W ⊗Υ]inv
= 4e
[
u
(
−1
2
R− 1
2
ψ¯µγνψµν + Sψ¯
µψµ
)
+ US − υ¯η
+
1
2
ψ¯µγ
µ{ηu+ υS}+ 1
2
uSψ¯µσ
µνψν
]
, (41)[
Φ⊗ Φ⊗ TP
(
f ′2(Φ)
f 2(Φ)
⊗Υ
)]
inv
= e
[
φ2✷(uh′
2
(φ))
+(2φF − χ¯χ)
{
h′
2
(φ)U
+u{2h′(φ)h′′(φ)F − (h′′2(φ) + h′(φ)h′′′(φ))χ¯χ}
}
−2φχ¯D/ (h′2(φ)υ + 2uh′(φ)h′′(φ)χ)
+
1
2
ψ¯µγ
µ
(
{D/ (h′2(φ)υ + 2uh′(φ)h′′(φ)χ)}φ2
+2χφ
{
h′
2
(φ)U + u{2h′(φ)h′′(φ)F − (h′′2(φ) + h′(φ)h′′′(φ))χ¯χ}
})
+
1
2
φ2
{
h′
2
(φ)U
+u{2h′(φ)h′′(φ)F − (h′′2(φ) + h′(φ)h′′′(φ))χ¯χ}
}
ψ¯µσ
µνψν
]
, (42)[
f ′2(Φ)
f 2(Φ)
⊗Υ⊗ Φ⊗ TP (Φ)
]
inv
= e
[
uh′
2
(φ)φ✷φ
+F
{
φ(h′
2
(φ)U + u{2h′(φ)h′′(φ)F
−(h′′2(φ) + h′(φ)h′′′(φ))χ¯χ} − 2h′(φ)h′′(φ)χ¯υ)
+uh′
2
(φ)F − χ¯(υh′2(φ) + 2χuh′(φ)h′′(φ))
}
−(uh′2(φ)χ¯+ φh′2(φ)υ¯ + 2uφh′(φ)h′′(φ)χ¯)D/ χ
+
1
2
ψ¯µγ
µ
{
χuh′
2
(φ)φ+ (χuh′
2
(φ) + υφh′
2
(φ) + 2χuφh′(φ)h′′(φ))F
}
12
+
1
2
uh′
2
(φ)φF ψ¯µσ
µνψν
]
, (43)
[ln f(Φ)⊗W ]inv
= e
[
h(φ)
(
−S2 + 1
2
R− 1
2
ψ¯µγνψµν
)
+ h′(φ)(FS − χ¯η)− 1
2
h′′(φ)χ¯χS
+
1
2
ψ¯µγ
µ(ηh(φ) + χSh′(φ)) +
1
2
h(φ)Sψ¯µσ
µνψν
]
.
(44)
Here
h(φ) ≡ ln f(φ) . (45)
That finishes the construction of large-N supersymmetric anomaly in-
duced effective action for 2d dilatonic supergravity with matter.
At the end of the present section, we will find the one-loop effective action
(its divergent part) for the whole quantum theory (25), (26) on the bosonic
background under discussion. Using Eqs. (25), (26), one can write the
complete Lagrangian as following:
e−1L = −
(
V˜ + C˜R +
1
2
Z˜(∇µφ)(∇µφ)
−f(φ)
N∑
i=1
(
(∇µai)(∇µai) + ξ¯iγµ∂µξi
)
(46)
where
− V˜ = −CS2 − C ′FS + 2Z ′φF 2 + Z ′φF 2 + ZF 2
+V ′F + SV ,
C˜ =
C
2
,
2Z˜ = 3φZ ′ + Z (47)
where auxilliary fields equations of motion which lead to (28) should be used.
The calculation of the one-loop effective action for the theory (46) has
been given in ref.[8] in the harmonic gauge with the following result
Γdiv = − 1
4π(n− 2)
∫
d2x
√
g
{
48− 3N
12
R +
2
C˜
V˜ +
2
C˜ ′
V˜ ′
13
+
C˜ ′′
C˜
− 3C˜
′
2
C˜2
− C˜
′′Z˜
C˜ ′
2 −
Nf ′2
4f 2
+
Nf ′′
2f

 (∇λφ)(∇λφ) (48)
+
(
C˜ ′
C˜
− Z˜
C˜ ′
+
Nf ′
2f
)
∆φ −
(
3fZ˜
4C˜ ′
2 +
3f
4C˜
− f
′
C˜ ′
)
N∑
i=1
ξ¯iγ
µ∂µξi
}
.
Thus, we found the one-loop effective action for dilatonic supergravity with
matter on bosonic background. Of course, the contribution of fermionic
superpartners is missing there. However, Eq.(48) gives also the divergent one-
loop effective action in large-N approximation (one should keep only terms
with multiplier N). This effective action may be used also for construction
of renormalization group improved effective Lagrangians and study of their
properties like BH solutions in ref.[16].
4 Black holes in supersymmetric extension
of CGHS model with matter back reaction
In the present section we discuss the particular 2d dilatonic supergravity
model which represents the supersymmetric extension of CGHS model. Note
that as a matter we use dilaton coupled matter supermultiplet. We would
like to estimate back-reaction of such matter supermultiplet to black holes
and Hawking radiation working in large-N approximation. Since we are
interesting in the vacuum (black hole) solution, we consider the background
where matter fields, the Rarita-Schwinger field and dilatino vanish.
In the superconformal gauge the equations of motion can be obtained by
the variation over g±±, g±∓ and φ
0 = T±±
= e−2φ
(
4∂±ρ∂±φ− 2 (∂±φ)2
)
+
N
8
(
∂2±ρ− ∂±ρ∂±ρ
)
+
N
8
{
(∂±h(φ)∂±h(φ)) ρ+
1
2
∂±
∂∓
(∂±h(φ)∂∓h(φ))
}
+
N
8
{
−2∂±ρ∂±h(φ) + ∂2±h(φ)
}
+ t±(x±)
14
+
N
64
∂±
∂∓
(
h′(φ)2F 2
)
, (49)
0 = T±∓
= e−2φ
(
2∂+∂−φ− 4∂+φ∂−φ− λ2e2ρ
)
−N
8
∂+∂−ρ− N
16
∂+h(φ)∂−h(φ)− N
8
∂+∂−h(φ)
−N
64
h′(φ)2F 2 +
(
N
16
US +
N
2
(−h(φ)S2 + h′(φ)FS)
)
e2ρ , (50)
0 = e−2φ
(
−4∂+∂−φ+ 4∂+φ∂−φ+ 2∂+∂−ρ+ λ2e2ρ
)
−Nf
′
f
{
1
16
∂+(ρ∂−h(φ)) +
1
16
∂−(ρ∂+h(φ))− 1
8
∂+∂−ρ
}
. (51)
Here t±(x±) is a function which is determined by the boundary condition.
Note that there is, in general, a contribution from the auxilliary fields to T±∓
besides the contribution from the trace anomaly.
In large-N limit, where classical part can be ignored, field equations be-
come simpler
0 =
1
N
T±±
=
1
8
(
∂2±ρ− ∂±ρ∂±ρ
)
+
1
8
{
(∂±h(φ)∂±h(φ)) ρ+
1
2
∂±
∂∓
(∂±h(φ)∂∓h(φ))
}
+
1
8
{
−2∂±ρ∂±h(φ) + ∂2±h(φ)
}
+ t±(x±) , (52)
0 =
1
N
T±∓
= −1
8
∂+∂−ρ− 1
16
∂+h(φ)∂−φ˜− 1
8
∂+∂−h(φ) (53)
0 =
1
16
∂+(ρ∂−h(φ)) +
1
16
∂−(ρ∂+h(φ))− 1
8
∂+∂−ρ . (54)
Here we used the Θ-equation and the equations for the auxilliary fields S
and F , i.e.,
U = S , u = ρ = − 1
2∆
R , S = F = 0 . (55)
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The function t±(x±) in (52) can be absorbed into the choice of the coordinate
and we can choose
t±(x±) = 0 . (56)
Combining (52) and (53), we obtain
− 1
2
(∂±ρ)
2 +
1
2
ρ(∂±h(φ))
2 − ∂±ρ∂±h(φ) = 0 (57)
i.e.,
∂±h(φ) =
1 +
√
1 + ρ
ρ
∂±ρ or
1−√1 + ρ
ρ
∂±ρ . (58)
This tells that
h(φ) =
∫
dρ
1±√1 + ρ
ρ
. (59)
Substituting (59) into (54), we obtain
∂+∂−
{
(1 + ρ)
3
2
}
= 0 (60)
i.e.,
ρ = −1 +
(
ρ+(x+) + ρ−(x−)
) 2
3 . (61)
Here ρ± is an arbitrary function of x± = t ± x. We can straightforwardly
confirm that the solutions (59) and (61) satisfy (53). The scalar curvature is
given by
R = 8e−2ρ∂+∂−ρ
= −4e
−2
{
−1+(ρ+(x+)+ρ−(x−))
2
3
}
(ρ+(x+) + ρ−(x−))
4
3
ρ+
′
(x+)ρ−
′
(x−) . (62)
Note that when ρ+(x+) + ρ−(x−) = 0, there is a curvature singularity. Es-
pecially if we choose
ρ+(x+) =
r0
x+
, ρ−(x−) = −x
−
r0
(63)
there are curvature singularities at x+x− = r20 and horizon at x
+ = 0 or
x− = 0. Hence we got black hole solution in the model under discussion.
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The asymptotic flat regions are given by x+ → +∞ (x− < 0) or x− → −∞
(x+ > 0). Therefore we can regard x± as corresponding to the Kruskal
coordinates in 4 dimensions.
We now consider the Hawking radiation. The quantum part of the energy
momentum tensor for the generalized dilatonic supergravity is given by
T q±± =
N
8
(
∂2±ρ− ∂±ρ∂±ρ
)
+
N
8
{
(∂±h(φ)∂±h(φ)) ρ+
1
2
∂±
∂∓
(∂±h(φ)∂∓h(φ))
}
+
N
8
{
−2∂±ρ∂±h(φ) + ∂2±h(φ)
}
+
N
64
∂±
∂∓
(
h′(φ)2F 2
)
+ t(x±) , (64)
T q±∓ = −
N
8
∂+∂−ρ− N
16
∂+h(φ)∂−h(φ)− N
8
∂+∂−h(φ)
−N
64
h′(φ)2F 2 +
(
N
16
US +
N
2
(−h(φ)S2 + h′(φ)FS)
)
e2ρ . (65)
Here we consider the bosonic background and put the fermionic fields to be
zero. We now investigate the case that
f(φ) = eαφ (h(φ) = αφ) . (66)
Substituting the classical black hole solution which appeared in the original
CGHS model [1]
ρ = −1
2
ln
(
1 +
M
λ
eλ(σ
−−σ+)
)
, (67)
φ = −1
2
ln
(
M
λ
+ eλ(σ
+−σ−)
)
. (68)
(Here M is the mass of the black hole and we used asymptotic flat coordi-
nates.) and using eq.(30), we find
T q+− =
Nλ2
64
(4 + 4α+ α2)
1(
1 + M
λ
eλ(σ−−σ+)
)2
−Nλ
2
16
(1 + α)
1(
1 + M
λ
eλ(σ−−σ+)
) − Nλ2α2
64
,
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T q±± = −
Nλ2
32

1−
1(
1 + M
λ
eλ(σ−−σ+)
)2


−Nλ
2α2
16
ln
(
1 + M
λ
eλ(σ
−−σ+)
)
− 1(
1 + M
λ
eλ(σ−−σ+)
)2 + t±(σ±) . (69)
Then when σ+ → +∞, the energy momentum tensor behaves as
T q+− → 0 ,
T q±± →
Nλ2
16
α2 + t±(σ±) . (70)
In order to evaluate t±(σ±), we impose a boundary condition that there is
no incoming energy. This condition requires that T q++ should vanish at the
past null infinity (σ− → −∞) and if we assume t−(σ−) is black hole mass
independent, T q−− also should vanish at the past horizon (σ
+ → −∞) after
taking M → 0 limit. Then we find
t−(σ−) = −Nλ
2α2
16
(71)
and one obtains
T q−− → 0 (72)
at the future null infinity (σ+ → +∞). Eqs.(70) and (72) might tell that
there is no Hawking radiation in the dilatonic supergravity model under
discussion when quantum back-reaction of matter supermultiplet in large-
N approach is taken into account. (That indicates that above black hole
is extremal one). This might be the result of the positive energy theorem
[17]. If Hawking radiation is positive and mass independent, the energy of the
system becomes unbounded below. On the other hand, the negative radiation
cannot be accepted physically. Of course, this result may be changed in next
order of large-N approximation or in other models of dilatonic supergravity.
From another side since we work in strong coupling regime it could be that
new methods to study Hawking radiation should be developed.
18
5 Discussion
In summary, we studied 2d dilatonic supergravity with dilaton coupled mat-
ter and dilaton supermultiplets. Some results of this work have been shortly
reported in [18]. Trace anomaly and induced effective action for matter su-
permultiplet as well as large-N effective action for dilatonic supergravity are
calculated. Using these results one can estimate matter quantum corrections
in the study of black holes and their properties like Hawking radiation. Such
study is presented on the example of supersymmetric CGHS model which
corresponds to specific choice of generalized dilatonic couplings in the initial
theory. Similarly, one can investigate quantum spherical collapse for different
4d or higher-dimensional supergravities using 2d models.
It is interesting to note that there are following directions to generalize our
work. First of all, one can consider extended 2d supergravities with dilaton
coupled matter. General structure of trace anomaly and effective action will
be the same. Second, one can consider other types of black hole solutions in
the model under discussion with arbitrary dilaton couplings. Unfortunately,
since such models are not exactly solvable one should usually apply numerical
methods for study of black holes and their properties. Third, it could be
important to discuss the well-known C-theorem for dilaton dependent trace
anomaly. We hope to investigate some of these questions in near future.
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